INTRODUCTION
Anomalous origin and variations in the course of the medial meningeal artery (MMA) are of clinical significance. Imaging identification of the origin of the MMA is important while planning surgical and endovascular interventions in the region of the skull base. MMA was found to origin from the third part (sphenomaxillary portion) of the maxillary artery [22, 31] , ophthalmic artery [4, 15, 29, 35] , persistent stapedial artery [1] , internal carotid artery [7, 27] and basilar artery [19, 30] .
The anomalous origin of the MMA is associated with the agenesis of the foramen spinosum (FS) [25] . Royle and Motson [29] have described a case of bilateral origin of the MMA from the ophthalmic artery with bilateral absence of foramen spinosum (FS) in the adult skull. Up to our knowledge, aplasia of the conventional MMA with its origin from the ophthalmic artery in the presence of the FS of normal position and size has not been reported yet. We performed a literature search of the MEDLINE database up to the year 2012. The date of the last search was December 2012. The following keywords were queried singly and in combination: middle meningeal artery, variation, ophthalmic artery, foramen spinosum, absence, anatomy, anomaly, origin, sinus Hyrtl. The search was limited to studies published in English, German and French. We report on female cadaver found to have an unilateral absence of FS with endocranial meningeal grooves indicating bilateral ophthalmic origin of the MMA. In addition, a rare venous sinus variation was present unilaterally -a sinus of Hyrtl, an entity which has not been reported in such anatomical variation yet.
CASE REPORT
The brachycephalic skull, which had well-defined bony markings, was that of a contemporary Caucasian female (60-70 years). The bones of the skull were normal. The foramina on the base of the skull were symmetrical and within normal limits of size and distribution with the following exceptions: on the right there was the absence of the FS and the presence of the foramen of Vesalius anteromedially to the foramen ovale (Figs. 1A, B) . On the left the FS was of normal size and position. The long axis of the foramen ovale was 7 mm on both sides and of the single FS on the left 3 mm.
The origin and distribution of the endocranial meningeal grooves were bilaterally symmetrical and indicated that the main stem of the MMA arose from the lateral limits of the superior orbital fissure (SOF) (Figs. 1A, 2A, B) . On both sides the groove of the main stem of the MMA passed laterally for 25 mm, grooving the greater wing of the sphenoid bone, and ended by dividing into anterior and posterior divisions, which were normal both in their position and distribution (Figs. 1A, 2A, B ). There were no endocranial meningeal grooves of MMA in the floor of the middle cranial fossa (greater wing of sphenoid bone) on both sides (Figs. 1A, 2A, B) .
On the left, an unusual anteroposterior and shallow groove was identified on the floor of the middle cranial fossa. It was approximately 6 mm in width and passed from the lateral part of the smaller wing of the sphenoid bone (close to the branching point of the MMA) posteromedially and ended at the FS. The groove probably housed the sinus of Hyrtl, emptying through the FS into the pterygoid plexus. No other variations or pathology were identified intracranially or extracranially.
DISCUSSION
The MMA in most individuals arises from the maxillary branch of the external carotid artery and enters the FS. It then divides into anterior and posterior branches to supply the dura and adjacent calvarium [17] . The complex embryology underlying the development of the MMA gives rise to a number of anomalous origins, courses and anastomoses involving this vessel [24] . We present a case of bilateral ophthalmic origin of the MMA with the absence of the FS on the right and a rare venous sinus anomaly -sinus of Hyrtltraveling through the single FS on the left side.
The endocranial groove housing the stem of the MMA started bilaterally from the lateral edge of the SOF, similarly to the case described by Royle and Motson [29] and Diamond [6] , pointing to the ophthalmic origin of the MMA. There was no groove on the lateral bone of the orbit in the case presented, and the foramen meningo-orbitale was absent bilaterally. In case of Royle and Motson [29] , foramen meningo-orbitale was missing as well. Low [22] described 1 case in which the main stem of the MMA arose in the orbit bilaterally and passed through the foramen meningo-orbitale just lateral to the SOF, the FS being absent. The groove was continued on the lateral side of the orbit to the inferior orbital fissure indicating that the origin of the MMA was from the third part of the maxillary artery.
In the case presented there was no groove starting from the foramen ovale to indicate the passage of the MMA, as in 2 cases (n = 1200), in which the FS was absent, as reported by Chandler and Derezinski [3] . On the basis of the intracranial meningeal grooves observed in our case we can hypothesise that the MMA was of ophthalmic origin, but we cannot specify whether the artery arose directly from the ophthalmic artery stem or from the lacrimal artery, or the groove represents an enlarged channel of otherwise normally 
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Anomalous origin of the MMA accompanies the absence of the FS. Bilateral absence of the FS was rarely reported [22, 29] . The FS was found to be unilateral in 1% (1/100 skulls) or 1/199 (0.5%) of the foramina examined by Berge and Bergman [2] . Nikolova et al. [28] reported unilateral FS in 1.9% (5/257) of medieval skulls and 0% at contemporary series (200 skulls). McLennan et al. [25] reported to found only 1 skull with unilateral absence of the FS examining 108 dry skulls. Roentgenographic study of Lindblom [20] reported 0.4% and study with high resolution computed tomography by Ginsberg et al. [16] 3.2% of the cases with absent FS (123 patients).
We could not find the report in the literature on the ophthalmic origin of the MMA in the presence of singular FS as observed on the left side in the case presented. It is believed that the ossification of the posterior border of the greater wing of the sphenoid progressively developed around the MMA during the course of human evolution. It is evident from our case that aplasia of the conventional MMA occurs in the presence of the FS, pointing that formation of FS and MMA are independent processes.
The anomalous origin of the MMA can be explained in view of the complex embryologic development of the MMA, which leads to its normal extracranial origin and intracranial distribution. The available embryological literature on the development of cranial arteries suggests a fundamental relationship between the development of the ophthalmic, MMA and stapedial artery [7] . The stapedial artery is formed by the union of the remnants of the first branchial arch with the hyoid artery. After having penetrating the ring of the stapes it divides into 2 divisions: 1) maxillofacial division consisting of an occurring anastomosis between the MMA and the lacrimal artery (sphenoidal and meningolacrimal artery).
Very few cases of the main stem of the MMA arising in the orbit have been documented. Report of Royle and Motson [29] is the first photographically documented report. Zukerkandl [35] described 4 cases in which the main stem of the MMA arose in the orbit. The MMA of the ophthalmic origin is known as the ophthalmic MMA (OMMA) [29, 35] . It passes through the lateral end of the SOF or a foramen in the greater wing of the sphenoid -foramen meningo--orbitale. Gabriele and Bell [15] consider their report of 3 cases of the ophthalmic origin of the MMA as the first arteriographic demonstration of the anomaly.
Instances of partial origin of the MMA from the ophthalmic artery (only anterior branch) have been reported as well. Toida [31] in his study of 192 Chinese skulls found 5 instances of anterior branch, and only 1 instance of the complete stem of the MMA originating from the orbit. Curnow [4] described a single case in which, on the right side only, there was a small FS through which passed a small branch of the maxillary artery supplying only the trigeminal ganglion. A large branch of the ophthalmic artery passed through the SOF and gave off all the other branches of the MMA -left side was normal. Chandler and Derezinski [3] undertook a survey of the origin and course of the MMA in 1,200 hemi-skulls and found only a single case of the anterior division and no case of the main stem of the MMA arising in the orbit. Klisovic et al. [18] found 1% incidence of the cases of partial origin of the MMA from the ophthalmic artery in the analysis of 186 skulls. Dilenge and Ascherl [7] found 17 cases of MMA arising partly or completely from the ophthalmic artery among 3,500 arteriograms (0.5%). 
infraorbital and a manidbular branch; 2) supraorbital division consisting of branches destined to supply the orbit and the intracranial segment of the MMA. The branches of the maxillofacial division are assimilated by the developing external carotid artery and form the maxillary artery (including the extracranial part of the MMA). At this stage, the proximal part of the stapedial artery involutes, and its remnants become the tympanic branches of the MMA. Two separate processes are involved in the anomaly of the ophthalmic origin of the MMA: 1) failure of the proximal intraorbital and retroorbital stapedial branches to involute, so that the intracranial segment of the MMA remains connected with the intraorbital stapedial branches; 2) defective involution of the maxillofacial division of the stapedial artery, so that the extracranial segment of the MMA is never formed. As a result, no connection forms between the maxillary artery and the intracranial segment of the MMA [7] .
The MMA occasionally gives off the ophthalmic artery [21] ; rarely, the ophthalmic artery may give off the anterior division of the MMA [18] and, more rarely, the ophthalmic artery may give off the main stem of the MMA, as in the case presented.
An unusual finding of a rare intracranial venous sinus was observed on the left side -the sinus of approximately 6 mm in width travelled from the groove of the sphenoparietal sinus to the FS -this sinus corresponded to the rarely reported accessory venous sinus of Hyrtl [32] . This sinus is described as beginning near the SOF (the sphenoparietal sinus) and travelling posteriorly into the transverse sinus. It may, however, leave the skull via foramen ovale or spinosum to drain into pterygoid plexus [32] , as seen in the case presented.
Unusual patterns of the MMA may affect surgical and endovascular treatment of highly vascularised tumours, such as meningiomas and arterio-venous dural fistulas in the orbit and middle cranial fossa. Convexity meningiomas often receive an arterial supply from the meningeal vessels. These locations of meningiomas at the skull base may also be encountered within aberrant middle meningeal artery territory: sphenoid wing meningiomas, anterior clinoid process meningiomas, middle cranial fossa meningiomas, parasellar space meningiomas, SOF meningiomas, tuberculum sellae meningiomas, diaphragm sellae and optic canal(s) meningiomas, posterior clinoid process, dorsum sellae, upper clival meningiomas, Dorello's space meningiomas, and petroclival meningiomas [13] . Anterior clinoidectomy, either extradural [8] or intradural, is a crucial step during pterional approach to the central skull base used for clipping carotid-ophthalmic [12, 33] , giant internal carotid artery and paraclinoid aneurysms and upper basilar artery aneurysms [5, 9] , to gain entrance to the cavernous sinus for direct surgical management of carotid-cavernous fistulae, intracavernous aneurysms and parasellar macroadenomas, and for resection of extracavernous tumours such as craniopharyngiomas, periclinoid and suprasellar meningiomas [34] , and giant pituitary adenomas. The relative increase in exposure of the optic nerve, internal carotid artery, and opticocarotid triangle by removal of the anterior clinoid process is well documented [14] .
The principle of early devascularisation in meningioma microsurgery includes identification of feeders and proximal obliteration by coagulation or preoperative embolisation. Ophthalmic origin of the MMA is of surgical interest because it may influence the choice for a different surgical approach to the same lesion. Anomalous meningeal arteries originating from the ophthalmic artery may be encountered during pterional approach to the central cranial base in which the dura is first elevated from the greater and lesser wings of the sphenoid and later during dural incision of the SOF in extradural approach to cavernous sinus [13] . Ophthalmic artery and its anomalous ramifications may be identified in the orbital apex [26] .
The adequate surgical exposure of the ophthalmic artery at its origin on the superomedial aspect of the intradural internal carotid artery (ICA) just behind distal dural ring is a demanding procedure that combines epidural and intradural approaches. The main feature of the epidural phase is a removal of the anterior clinoid process (extradural anterior clinoidectomy) and unroofing of the optic canal. Incision of the dura of the SOF and separating parietal dural leaf from the visceral one enables exposure of triangles of the lateral wall of cavernous sinus [10, 11] . In the intradural trans-sylvian phase of the approach, the dura propria of the optic nerve is cut along the nerve in the unroofed canal, exposing ophthalmic artery from its outspring from ICA into the proximal optic canal on the inferiomedial aspect of the optic nerve [12] . An increased diameter of the ophthalmic artery can be expected with OMMA. A development of carotid-ophthalmic aneurysm is more likely with increased flow in OMMA. Also, middle meningeal artery aneurysms are well-known to be associated with a meningioma [23] .
The increased use of superselective angiography and embolisation of tumours may result in more frequent identification of anomalous meningeal artery origin. Consideration should be given to the possible presence of this anomaly in examining angiographic studies done in preparation for carotid embolisation procedures or operations directed along the sphenoid ridge.
